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(57) An actuator lock switching valve 50 is provided 
which communicates a drain line 52 and a pilot line 53 
with each other when the valve 50 is in a position C, and 
which communicates pilot lines 51 , 53 with each other 
when it is shifted to a position D. The pilot line 51 is con- 
nected to a delivery line 7 of a hydraulic pump 10, and 
the pilot line 53 is connected to pressure receiving sec- 
tions 28a, 28b provided at ends of the pressure com- 
pensating valves 21 a, 21 b on the side acting in the clos- 
ing direction. The actuator lock switching valve 50 has 
a pressure receiving section 55 connected to the output 
side of a pilot lock switching valve 43, and is switched 
over in interlock with shifting of the switching valve 43. 
In a hydraulic drive system including pressure compen- 
sating valves controlled by an LS system, an actuator 
can be locked with a simple construction and can be pre- 
vented from malfunctioning in an inoperative condition 
while an engine is being driven, even when the system 
includes a mechanically shifted directional control valve, 
or even when a mechanically shifted directional control 
valve is retrofitted to the system. 
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Description 
Technical Field 

[0001] The present invention relates to a hydraulic 
drive system for a construction machine, such as a hy- 
draulic excavator in which a delivery pressure of a hy- 
draulic pump is held higher than a maximum load pres- 
sure of a plurality of actuators by a target differential 
pressure under load sensing control, and differential 
pressures across a plurality of directional control valves 
are controlled by respective associated pressure com- 
pensating valves. More particularly, the present inven- 
tion relates to a hydraulic drive system including a safety 
device to lock an actuator when it is in an inoperative 
condition while an engine is being driven, thereby pre- 
venting a malfunction. 

Background Art 

[0002] A construction machine, such as a hydraulic 
excavator, includes a safety device for making an actu- 
ator immobile even with a control lever manipulated, 
thereby preventing the machine from malfunctioning, 
when an operator is not boarded on the machine while 
an engine is being driven, or when an operator is board- 
ed on the machine, but no work is carried out. When a 
directional control valve has a pilot-operated spool, a 
safety device is generally constructed such that a pilot 
lock switching valve is provided between a pilot pump 
and a pilot valve of a control lever device, and by shifting 
the pilot lock switching valve, supply of a hydraulic fluid 
to the pilot valve of the control lever device is cut off to 
make the directional control valve locked: One example 
of that type of the pilot lock switching valve is disclosed 
in $ e.g., Japanese Patent No. 2567720. 
[0003] Also, as a hydraulic pump control system, 
there is known the so-called load sensing system (here- 
inafter referred to also as the "LS system") in which a 
delivery pressure of a hydraulic pump is held higherthan 
a maximum load pressure of a plurality of actuators by 
a target differential pressure. Usually, in the LS system, 
differential pressures across a plurality of directional 
control valves are controlled by respective associated 
pressure compensating valves so that a hydraulic fluid 
can be supplied at a ratio depending on opening areas 
of the directional control valves regardless of the mag- 
nitudes of load pressures during the combined opera- 
tion in which a plurality of actuators are driven at the 
same time. Hydraulic drive systems including LS sys- 
tems are disclosed in, e.g., JP,A 60-11706 and JP,A 
10-196604. In such a hydraulic drive system including 
an LS system, when a directional control valve has a 
pilot-operated spool, it is also general that a pilot lock 
switching valve similar to the above-mentioned one is 
provided as a safety device. 



Disclosure of Invention 

[0004] As described above, a conventional safety de- 
vice (pilot lock switching valve) for a hydraulic drive sys- 

5 tern is based on an assumption of a directional control 
valve being pilot-shifted, and is constructed so as to cut 
off supply of a hydraulic fluid to a pilot valve of a control 
lever device, whereby the directional control valve is 
locked to make an associated actuator locked. Howev- 

10 er, the directional control valve is not limited to the pilot- 
shifted one, but may be mechanically shifted by trans- 
mitting a motion of a control lever directly to a spool for 
operating it. 

[0005] For example, in many of small-sized hydraulic 
is excavators having small swing bodies, such as mini- 
shovels, a directional control valve for travel is mechan- 
ically shifted. Also, in hydraulic excavators, a bucket is 
usually mounted as a front attachment of a front oper- 
ating mechanism. With increasing versatility of work, 
however, it is now general that the bucket is replaceable 
by another front attachment such as a crusher. In many 
of such cases, a directional control valve associated 
with a front attachment other than the bucket is also de- 
signed as a mechanically shifted valve. Further, the di- 
rectional control valve associated with the front attach- 
ment other than the bucket is either assembled in a 
valve unit beforehand or retrofitted to the valve unit. 
[0006] Thus, when the hydraulic drive system in- 
cludes a mechanically shifted directional control valve, 
or when a mechanically operated directional control 
valve is retrofitted to the hydraulic drive system, the con- 
ventional safety device cannot lock the directional con- 
trol valve and hence cannot make the associated actu- 
ator locked. 

[0007] Another conceivable solution for locking a me- 
chanically shifted directional control valve is to fix a con- 
trol lever mechanically, but this solution would entail a 
complicated mechanism. 

[0008] An object of the present invention is to provide 
a hydraulic drive system including pressure compensat- 
ing valves controlled by an LS system, in which an ac- 
tuator can be locked with a simple construction and can 
be prevented from malfunctioning in an inoperative con- 
dition while an engine is being driven, even when the 
hydraulic drive system includes a mechanically shifted 
directional control valve, or even when a mechanically 
shifted directional control valve is retrofitted to the hy- 
draulic drive system. 

(1) To achieve the above object, according to the 
present invention, there is provided a hydraulic 
drive system comprising a variable displacement 
hydraulic pump, a plurality of actuators driven by a 
hydraulic fluid delivered from the hydraulic pump, a 
plurality of directional control valves for controlling 
respective flow rates of the hydraulic fluid supplied 
from the hydraulic pump to the plurality of actuators, 
a plurality of pressure compensating valves forcon- 
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trolling respective differential pressures across the 
plurality of directional control valves, and pump con- 
trol means for performing load sensing control to 
hold a delivery pressure of the hydraulic pump high- 
er than a maximum load pressure of the plurality of 5 
actuators by a target differential pressure, the plu- 
rality of pressure compensating valves including a 
first pressure compensating valve provided in asso- 
ciation with a particular one of the plurality of direc- 
tional control valves and a second pressure com- to 
pensating valve provided in association with the 
other directional control valve than the particular 
one, wherein the hydraulic drive system further 
comprises a first lock switching valve having first 
and second shift positions and outputting a pres- *5 
sure of a hydraulic supply source when the first lock 
switching valve is shifted from the first position to 
the second position; and a first pressure receiving 
section provided at an end of the first pressure com- 
pensating valve on the side acting in the closing di- 20 
rection, and connected to the output side of the first 
lock switching valve, the first pressure compensat- 
ing valve being fully closed when the first lock 
switching valve is shifted-to the second position and 
the pressure of the hydraulic supply source is intro- 25 
duced to the first pressure receiving section. 

Thus, the first lock switching valve is provided, 
the first pressure receiving section is provided in the 
first pressure compensating valve to be connected 
to the output side of the first lock switching valve, 3D 
and the pressure of the hydraulic supply source is 
introduced to the first pressure receiving section 
when the first lock switching valve is shifted to the 
second position, thereby fully closing the first pres- 
sure compensating valve. With such an arrange- 35 
ment, even when the particular directional control 
valve is a mechanically shifted valve, the actuator 
associated with the particular directional control 
valve can be locked and hence prevented from mal- 
functioning in an inoperative condition while an en- *o 
gine is being driven. Also, since the first pressure 
receiving section can be provided by utilizing a 
pressure receiving section that is originally provided 
in an ordinary pressure compensating valve for a 
drain passage, the actuator can be locked with a 
simple construction. Moreover, since a main pas- 
sage for supplying the hydraulic fluid to the actuator 
therethrough is cut off by the first pressure compen- 
sating valve, the actuator can be reliably locked. 

Further, even when a mechanically shifted di- so 
rectional control valve for a front attachment is add- 
ed to employ an additional attachment such as a 
crusher, an actuator for the attachment can be 
locked with a simple construction by introducing an 
output pressure of the first lock switching valve to a 55 
pressure receiving section of an associated pres- 
sure compensating valve. 

(2) In the above (1), preferably, the particular direc- 



tional control valve is a mechanically shifted valve, 
and the other directional control valve than the par- 
ticular one is a pilot-shifted valve driven by a pilot 
control pressure. 

(3) In the above (1) or (2), preferably, the hydraulic 
drive system further comprises a pilot hydraulic 
source; operating means connected to the pilot hy- 
draulic source via a pilot line, generating the pilot 
control pressure based on a hydraulic pressure of 
the pilot hydraulic source, and including pilot valves 
for driving the other directional control valve than 
the particular one; a second lock switching valve 
disposed in the pilot line, having third and fourth 
shift positions, and cutting off the pilot line when the 
second lock switching valve is shifted from the third 
position to the fourth position, the second lock 
switching valve being operated by an operator; and 
interlock switching means for shifting the first lock 
switching valve from the first position to the second 
position in interlock with shifting of the second lock 
switching valve from the third position to the fourth 
position. 

With those features, when the second lock 
switching valve is shifted from the third position to 
the fourth position, the pilot line is cut off and the 
operating means can no longer generate the pilot 
control pressure, whereby the actuator associated 
with the other directional control valve than the par- 
ticular one can be locked. At the same time, the first 
lock switching valve is shifted from the first position 
to the second position in interlock with the shifting 
of the second lock switching valve. Therefore, the 
actuator associated with the particular directional 
control valve can be locked as mentioned in the 
above (1). 

(4) In the above (3), preferable, the hydraulic drive 
system further comprises a second pressure re- 
ceiving section provided at an end of the second 
pressure compensating valve on the side acting in 
the closing direction, and connected to the output 
side of the first lock switching valve. 

With that feature, for the actuator associated 
with the other directional control valve than the par- 
ticular one, dual lock functions of locking the actu- 
ator are provided by locking both the other direc- 
tional control valve and the second pressure com- 
pensating valve. Therefore, that actuator can be 
more reliably locked. 

(5) In the above (3), preferably, the interlock switch- 
ing means includes a third pressure receiving sec- 
tion which is provided at an end of the first lock 
switching valve on the side acting to shift the first 
lock switching valve to the first position, and which 
is connected to the pilot line on the output side of 
the second lock switching valve. 

With that feature, when the second lock switch- 
ing valve is shifted to the fourth position, the first 
lock switching valve can be shifted to the second 
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position. 

(6) In the above (1) or (2), preferably, the hydraulic 
drive system further comprises a pilot hydraulic 
source; operating means connected to the pilot hy- 
draulic source via a pilot line, generating the pilot 5 
control pressure based on a hydraulic pressure of 
the pilot hydraulic source, and including pilot valves 
for driving the other directional control valve than 
the particular one; a second lock switching valve 
disposed in the pilot line and having third, fourth and 10 
fifth shift positions, the second lock switching valve 
being operated by an operator; and a third pressure 
receiving section provided in the first lock switching 
valve and shifting the first lock switching valve from 
the second position to the first position when the 15 
pressure of the pilot hydraulic source is introduced 
to the third pressure receiving section, the second 
lock switching valve connecting the pilot line to both 
the pilot valves and the third pressure receiving sec- 
tion when the second lock switching valve is in the 20 
third position, cutting off the connection between 
the pilot line and both the pilot valves and the third 
pressure receiving section when the second lock 
switching valve is in the fourth position, and cutting 
of the connection between the pilot line and the pilot 25 
valves and connecting the pilot line to the third pres- 
sure receiving section when the second lock switch- 
ing valve is in the fifth position. 

With those features, when the second lock 
switching valve is shifted from the third position to 30 
the fourth position, the connection between the pilot 
line and the pilot valves is cut off and the operating 
means can no longer generate the pilot control 
pressure. Therefore, the actuator associated with 
the other directional control valve than the particu lar 35 
one can be locked. At the same time, the connection 
between the pilot line and the third pressure receiv- 
ing section of the first lock switching valve is cut off 
and the first lock switching valve is shifted from the 
first position to the second position in interlock with *o 
the shifting of the second lock switching valve. 
Therefore, the actuator associated with the partic- 
ular directional control valve can be locked as men- 
tioned in the above (1). 

Further, when the second lock switching valve *s 
is shifted to the fifth position, the connection be- 
tween the pilot line and the pilot valves is cut off, 
and hence the actuator associated with the other 
directional control valve than the particular one can 
be locked. On the other hand, since the pilot line is so 
connected to the third pressure receiving section of 
the first lock switching valve, the first lock switching 
valve takes the first position and the pressure of the 
hydraulic supply source is no longer introduced to 
the first pressure receiving section of the first pres- 55 
sure compensating valve. Accordingly the first 
pressure compensating valve is not fully closed and 
is capable of operating usually, whereby only the 



actuator associated with the particular directional 
control valve can be unlocked. In other words, it is 
possible to lock the actuator associated with the 
other directional control valve than the particular 
one, and to selectively unlock only the actuator as- 
sociated with the particular directional control valve. 

(7) In the above (6), preferably, the hydraulic drive 
system further comprises a second pressure re- 
ceiving section provided at an end of the second 
pressure compensating valve on the side acting in 
the closing direction, and connected to the output 
side of the first lock switching valve. . 

With that feature, as mentioned in the above 
(4), for the actuator associated with the other direc- 
tional control valve than the particular one, dual lock 
functions of locking the actuator are provided by 
locking both the other directional control valve and 
the second pressure compensating valve. 

(8) In the above (1) or (2), preferably, the hydraulic 
drive system further comprises a pilot hydraulic 
source; operating means connected to the pilot hy- 
draulic source via a pilot line, generating the pilot 
control pressure based on a hydraulic pressure of 
the pilot hydraulic source, and including pilot valves 
for driving the other directional control valve than 
the particular one; a second lock switching valve 
disposed in the pilot line, having third and fourth 
shift positions, and cutting off the pilot line when the 
second lock switching valve is shifted from the third 
position to the fourth position, the second lock 
switching valve being operated by an operator; and 
lock operating means enabling the first lock valve 
to be shifted between the first position and the sec- 
ond position when the second lock valve is in the 
fourth position. 

With those features, when the second lock 
switching valve is shifted from the third position to 
the fourth position by the lock operating means, the 
pilot line is cut off and the operating means can no 
longer generate the pilot control pressure. There- 
fore, the actuator associated with the other direc- 
tional control valve than the particular one can be 
locked. Also, by shifting the first lock valve from the 
first position to the second position at that time, the 
actuator associated with the particular directional 
control valve can be locked as mentioned in the 
above (1). 

Further, when the first lock switching valve is 
shifted to the first position by the lock operating 
means in a condition of the second lock switching 
valve being in the fourth position, the pressure of 
the hydraulic supply source is no longer introduced 
to the first pressure receiving section of the first 
pressure compensating valve. Accordingly, the first 
pressure compensating valve is not fully closed and 
is capable of operating usually, whereby only the 
actuator associated with the particular directional 
control valve can be unlocked. In other words, it is 
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possible to lock the actuator associated with the 
other directional control valve than the particular 
one. and to selectively unlock only the actuator as- 
sociated with the particular directional control valve. 

(9) In the above (8), preferably, the hydraulic drive 
system further comprises a third lock switching 
valve having sixth and seventh shift positions and 
outputting the pressure of the hydraulic supply 
source when the third lock switching valve is shifted 
from the sixth position to the seventh position; in- 
terlock switching means for shifting the third lock 
switching valve from the sixth position to the sev- 
enth position in interlock with shifting of the second 
lock switching valve, from the third position to the 
fourth position; and a second pressure receiving 
section provided at an end of the second pressure 
compensating valve on the side acting in the closing 
direction, and connected to the output side of the 
third lock switching valve. 

With that feature, as mentioned in the above 
(4), forthe actuator associated with the other direc- 
tional control valve than the particular one, dual lock 
functions of locking the actuator are provided by 
locking both the other directional control valve and 
the second pressure compensating valve. 

(10) In the above (8), preferably, the first and sec- 
ond lock switching valves are mechanically shifted 
valves directly shifted by control levers, and the lock 
operating means includes the control levers. 

(1 1 ) In the above (8), preferably, the first and second 
lock switching valves may be solenoid-shifted 
valves shifted by electrical signals. In this case, the 
lock operating means includes a controller for gen- 
erating the electrical signals. 

Brief Description of the Drawings 

[0009] 

Fig. 1 is a diagram showing a hydraulic drive system 
according to a first embodiment of the present in- 
vention. 

Fig. 2 is a diagram showing a hydraulic drive system 
according to a second embodiment of the present 
invention. 

Fig. 3 is a diagram showing a hydraulic drive system 
according to a third embodiment of the present in- 
vention. 

Fig. 4 is a diagram showing a hydraulic drive system 
according to a fourth embodiment of the present in- 
vention. 

Fig. 5 is a diagram showing a hydraulic drive system 
according to a modification of the fourth embodi- 
ment of the present invention. 
Fig. 6 is a diagram showing a hydraulic drive system 
according to a fifth embodiment of the present in- 
vention. 

Fig. 7 is a diagram showing a hydraulic drive system 



according to a sixth embodiment of the present in- 
vention. 

Fig. 8 is a diagram showing a hydraulic drive system 
according to a seventh embodiment of the present 

5 invention. 

Fig. 9 is a table showing processing details of a con- 
troller used in the hydraulic drive system according 
to the seventh embodiment of the present invention 
shown in Fig. 8. 

10 Fig. 1 0 is a diagram showing a hydraulic drive sys- 
tem according to an eighth embodiment of the 
present invention. 

Fig. 11 is a diagram showing a hydraulic drive sys- 
tem according to a ninth embodiment of the present 
is invention. 

Best Mode for Carrying Out the Invention 

[0010] Embodiments of the present invention will be 
20 described below with reference to the drawings. 

[0011] Fig. 1 shows a hydraulic drive system accord- 
ing to a first embodiment of the present invention. 
[0012] Referring to Fig. 1 , the hydraulic drive system 
of this embodiment comprises an engine 1 , a hydraulic 
25 source 2, a valve unit 3, and a plurality of actuators 4a, 
4b. 

[0013] The hydraulic source 2 includes a variable dis- 
placement hydraulic pump 1 0, a fixed displacement pilot 
pump 11 , these pumps being both driven by the engine 

30 1 , and an LS control regulator 1 2 for controlling a tilting 
(displacement) of the hydraulic pump 1 0. The LS control 
regulator 12 comprises an LS control valve 12a and an 
LS control tilting actuator 12b, which cooperatively per- 
form load sensing control so that a delivery pressure of 

35 the hydraulic pump 10 is held higher than a maximum 
load pressure of a plurality of actuators 4a, 4b by a target 
differential pressure. 

[0014] The LS control valve 12a includes a spring 1 2d 
for setting the target LS target differential pressure, 

40 which is provided at the end on the side acting to reduce 
a pressure supplied to the actuator 1 2b and to increase 
the tilting of the hydraulic pump 10, and a pressure re- 
ceiving section 12e provided at the end on the side act- 
ing to increase the pressure supplied to the actuator 12b 

45 and to reduce the tilting of the hydraulic pump 10. An 
output pressure (differential pressure between the de- 
livery pressure of the hydraulic pump 10 and the maxi- 
mum load pressure, i.e., LS differential pressure) of an 
LS differential pressure generating valve 34 (described 

so later) is introduced, as a load sensing control signal 
pressure, to the pressure receiving section 12e. 
[0015] The valve unit 3 comprises a plurality of closed 
center directional control valves 20a, 20b, a plurality of 
pressure compensating valves 21a, 21b, load check 

55 valves 24a, 24b interposed between the directional con- 
trol valves 20a, 20b and the pressure compensating 
valves 21 a, 21 b, a shuttle valve 22 constituting a part of 
a maximum load pressure detecting circuit, and the 
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aforementioned LS differential pressure generating 
valve 34. 

[0016] The directional control valves 20a, 20b are 
connected to a hydraulic fluid supply line 8 leading to a 
delivery line 7 of the hydraulic pump 2, and control flow 
rates and directions of the hydraulic fluid supplied from 
hydraulic pump 2 to the actuators 4a, 4b. Also, the di- 
rectional control valves 20a, 20b have load ports 23a, 
23b for taking out load pressures of the actuators 4a, 4b 
when they are driven. The load pressures taken out at 
the load ports 23a, 23b are introduced to respective in- 
put ports of the shuttle valve 22, and the maximum load 
pressure is detected, as a signal pressure, in a maxi- 
mum load pressure line 35 connected to an output port 
of the shuttle valve 22. 

[0017] The LS differential pressure generating valve 
34 is a differential pressure detecting valve for output- 
ting, as an absolute pressure, a differential pressure be- 
tween a pressure in the hydraulic fluid supply line 8 (i. 
e., the delivery pressure of the hydraulic pump 10) and 
a pressure in the maximum load pressure line 35 (i.e., 
the maximum load pressure). The LS differential pres- 
sure generating valve 34 has a pressure receiving sec- 
tion 34a provided at the end on the side acting in the 
pressure increasing direction, and pressure receiving 
sections 34b, 34c provided at the end on the side acting 
in the pressure reducing direction. The pressure in the 
hydraulic fluid supply line 8 is introduced to the pressure 
receiving section 34a, whereas the pressure in the max- 
imum load pressure line 35 (i.e., the maximum load 
pressure) and an output pressure of the LS differential 
pressure generating valve 34 itself are introduced re- 
spectively to the pressure receiving sections 34b, 34c. 
Under balance among those introduced pressures, the 
LS differential pressure generating valve 34 generates 
a pressure equal to the differential pressure (LS differ- 
ential pressure) between the pressure in the hydraulic 
fluid supply line 8 and the pressure in the maximum load 
pressure line 35 (i.e., the maximum load pressure) 
based on the delivery pressure of the hydraulic pump 
1 0, and then outputs the generated pressure to a signal 
pressure line 36. The output pressure of the LS differ- 
ential pressure generating valve 34 is introduced to the 
pressure receiving section 12e of the LS control valve 
1 2b via a signal pressure line 36a, and is also introduced 
to pressure receiving sections 25a, 25b of the pressure 
compensating valves 21 a, 21 b via signal pressure lines 
36b, 36c. 

[0018] The above-described construction for output- 
ting, as an absolute pressure, the LS differential pres- 
sure by using the LS differential pressure generating 
valve 34 is based on the invention disclosed in JP,A 
1 0-89304. 

[0019] The pressure compensating valves 21a, 21b 
are disposed respectively upstream of meter-in throttles 
of the directional control valves 20a, 20b, and make con- 
trol such that differential pressures across the meter-in 
throttles are kept equal to each other. To that end, the 



10 

pressure compensating valves 21a, 21b have respec- 
tively the aforesaid pressure receiving sections 25a, 25b 
and other pressure receiving sections 26a, 26b at the 
ends on the side acting in the opening direction, and 

5 pressure receiving sections 27a, 27b at the ends on the 
side acting in the closing direction. The output pressure 
of the LS differential pressure generating valve 34 (i.e., 
the LS differential pressure) is introduced to the pres- 
sure receiving sections 25a, 25b. The load pressures of 

10 the actuators 4a : 4b (i.e., the pressures downstream of 
the meter-in throttles of the directional control valves 
20a, 20b) taken out at the load ports 23a, 23b of the 
directional control valves 20a, 20b are introduced to the 
pressure receiving sections 26a, 26b. Pressures up- 

15 stream of the meter-in throttles of the directional control 
valves.20a, 20b are introduced to the pressure receiving 
sections 27a, 27b. Then, in accordance with the output 
pressure of the LS differential pressure generating valve 
34 (i.e.. the LS differential pressure) introduced to the 

20 pressure receiving sections 25a, 25b, the pressure com- 
pensating valves 21a, 21b set that introduced output 
pressure as a target compensated differential pressure, 
and control differential pressures across the directional 
control valves 20a, 20b so as to be kept equal to the 

25 target compensated differential pressure. 

[0020] By constructing the pressure compensating 
valves 21a, 21b as described above, during the com- 
bined operation in which the plurality of actuators 4a, 4b 
are simultaneously driven, the hydraulic fluid, can be 

30 supplied to the actuators at a ratio depending on open- 
ing areas of the meter-in throttles of the directional con- 
trol valves 20a, 20b regardless of the magnitudes of load 
pressures. Also, even when a saturation state, where a 
delivery rate of the hydraulic pump 1 0 is insufficient for 

35 satisfying a flow rate demanded by the directional con- 
trol valves 20a, 20b, occurs during the combined oper- 
ation, the LS differential pressure is lowered depending 
on a degree of saturation, and the target compensated 
differential pressure for each of the pressure compen- 

40 sating valves 21 a, 21 b is also reduced correspondingly. 
Therefore, the delivery rate of the hydraulic pump 1 0 can 
be redistributed at a ratio of flow rates demanded by the 
actuators 4a, 4b. 

[0021] Further, the pressure compensating valves 
21 a, 21 b have pressure receiving sections 28a, 28b pro- 
vided at the ends on the side acting in the closing direc- 
tion (as described later). 

[0022] Moreover, connected to the delivery line 7 of 
the hydraulic pump 1 0 are a main relief valve 30 for re- 

50 striding an upper limit of the delivery pressure of the 
hydraulic pump 10, and an unloading valve 31 for limit- 
ing the differential pressure between the delivery pres- 
sure of the hydraulic pump 10 and the maximum load 
pressure to a value slightly larger than the target LS dif- 

55 ferential pressure that is set by a spring 31 a. 

[0023] The actuator 4a is an actuator for, e.g., a track 
motor or a front attachment other than the bucket, and 
the directional control valve 20a is of the mechanically 
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shifted type having a spool directly driven by a control 
lever 40. The actuator 4b is an arm cylinder, for example, 
and the directional control valve 20b is of the pilot shifted 
type that pressure receiving sections 20b 1 , 20b2 are 
provided at both ends of a spool and the spool is driven 
by a pilot control pressure supplied from a control lever 
device 41 . 

[0024] The control lever device 41 comprises a con- 
trol lever 41 a and a pair of pilot valves (pressure reduc- 
ing valves) 41b, 41c. A primary side port of each of the 
pilot valves 41b, 41c is connected to the pilot pump 1 1 
via a pilot line 42a, a pilot lock switching valve 43, and 
a pilot line 42b, while secondary side ports of the pilot 
valves 41 b, 41 c are connected to the pressure receiving 
sections 20b 1 , 20b2 of the directional control valve 20b 
via pilot lines 44, 45. A relief valve 46 for holding con- 
stanta delivery pressure of the pilot pump 11 is disposed 
in the pilot line 42a. When the control lever 41a is ma- 
nipulated, one of the pilot valves 41b, 41c is operated 
depending on the direction in which the control Iever41 a 
is manipulated, and outputs, as a pilot control pressure, 
a pressure depending on the input amount of the ma- 
nipulated control lever 41a based on the delivery pres- 
sure of the pilot pump 11". 

[0025] The pilot lock switching valve 43 is a two-way 
on/off valve disposed between the pilot lines 42a, 42b, 
and can be switched over between two positions, i.e., 
an open position A (unlock position) on the lower side 
as viewed in the drawing and a closed position B (lock 
position) on the upper side as viewed in the drawing. 
When the pilot lock switching valve 43 is in the lower 
open-position A as viewed in the drawing, the pilot lines 
42a, 42b are communicated with each other. When the 
pilot lock switching valve 43 is shifted from the lower 
operrposition A to the upper closed position B as viewed 
in the drawing, the communication between the pilot 
lines 42a, 42b is cut off. The pilot lock switching valve 
43 is usually in the lower open position A as viewed in 
the drawing, whereby the delivery pressure of the pilot 
pump 11 is supplied to the pilot line 42b. Accordingly, 
the control lever device 41 can produce the pilot control 
pressure upon manipulation of the control lever 41 a, as 
described above, for driving the directional control valve 
20b. 

[0026] Further, the pilot lock switching valve 43 is of 
the mechanically shifted type having a spool directly 
driven by a control lever 43a. By holding the control lever 
43a on a latch mechanism (not shown), the pilot lock 
switching valve 43 is held in the lower open position A 
as viewed in the drawing. Thereby, as mentioned above, 
the delivery pressure of the pilot pump 11 is supplied to 
the pilot line 42b so that the control lever device 41 can 
produce the pilot control pressure upon manipulation of 
the control lever 41 a and can drive the directional control 
valve 20b. 

[0027] The control lever 43a is, for example, a gate 
lock lever provided at a doorway of a hydraulic excava- 
tor* s cab in such a manner as to be able to open and 



close. The lower open position A as viewed in the draw- 
ing corresponds to a state where the gate lock lever is 
descended (state where the doorway is blocked off), 
and the upper closed position B as viewed in the drawing 

5 corresponds to a state where the gate lock lever is as- 
cended (state where the doorway is opened). 
[0028] In addition to the above-described construc- 
tion, the hydraulic drive system of this embodiment in- 
cludes an actuator lock switching valve 50. The actuator 

10 jock switching valve 50 is a 3-port, 2-position switching 
valve disposed between a pilot line 51 and a drain line 

52 on one side and a pilot line 53 on the other side. The 
actuator lock switching valve 50 can be switched over 
between two positions, i.e., a left-hand position C (un- 

15 lock position) and a right-hand position D (lock position) 
as viewed in the drawing. When the actuator lock switch- 
ing valve 50 is in the left-hand position C as viewed in 
the drawing, the communication between the pilot lines 
51, 53 is cut off and the drain line 52 and the pilot line 

20 53 are communicated with each other. When the actu- 
ator lock switching valve 50 is shifted to the right-hand 
position D as viewed in the drawing, the pilot lines 51 , 

53 are communicated with each other and the commu- 
nication between the drain line 52 and the pilot line 53 

25 is cut off. The pilot line 51 is connected to the delivery 
line 7 of the hydraulic pump 1 0, and the drain line 52 is 
connected to a reservoir 54. The pilot line 53 is branched 
to pilot lines 53a, 53b which are connected respectively 
to the pressure receiving sections 28a, 28b provided at 
30 the ends of the pressure compensating valves 21 a, 21 b 
on the side acting in the closing direction. 
[0029] Further, the actuator lock switching valve 50 
has a pressure receiving section 55 at the end on the 
same side as the left-hand position C as viewed in the 
35 drawing, and a spring 56 at the end on the same side 
as the right-hand position D as viewed in the drawing. 
The pressure receiving section 55 is connected to the 
pilot line 42b via a signal pressure line 57. A pressure 
bearing area of the pressure receiving section 55 and a 
40 spring constant of the spring 56 are set such that the 
actuator lock switching valve 50 is shifted to the left- 
hand position C as viewed in the drawing when the de- 
livery pressure of the pilot pump 11 is supplied to the 
pressure receiving section 55, and it is shifted to the 
45 right-hand position D as viewed in the drawing when the 
pressure in the signal pressure line 57 is reduced down 
to a reservoir pressure. 

[0030] The operation of the thus-constructed hydrau- 
lic drive system of this embodiment will be described be- 
so low. 

[0031 ] When the pilot lock switching valve 43 is in the 
lower position A as viewed in the drawing, the delivery 
pressure of the pilot pump 1 1 is supplied to the pilot line 
42b, and the control lever device 41 is in a state capable 
55 of outputting the pilot control pressure. Therefore, when 
the control lever 41 a is manipulated, the directional con- 
trol valve 20b is shifted depending on the direction and 
the input amount in and by which the control lever 41a 
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is manipulated. 

[0032] Also, the actuator lock switching valve 50 is in 
the left-hand position C as viewed in the drawing, and 
the pressure receiving sections 28a, 28b ot the pressure 
compensating valves 21 a, 21 b are held at the reservoir 
pressure. Accordingly, when the directional control 
valves 20a, 20b are operated at the same time, the hy- 
draulic fluid delivered from the hydraulic pump 1 0 driven 
by the engine 1 is supplied, as described above, to the 
actuators 4a, 4b at a distribution ratio depending on 
opening areas of the meter-in throttles of the directional 
control valves 20a, 20b regardless of the magnitudes of 
load pressures of the actuators 4a, 4b and even in the 
case of a saturation state where the delivery rate of the 
hydraulic pump 10 is insufficient for satisfying a de- 
manded flow rate. As a result, the combined operation 
can be satisfactorily performed. 

[0033] When the pilot lock switching valve 43 is shift- 
ed to the upper position B as viewed in the drawing, the 
supply of the hydraulic fluid from the pilot pump 11 to 
the pilot line 42b is cut off, and the control lever device 
41 can no longer output the operation pilot pressure 
even with the control lever 41 a manipulated. Further the 
pressure in the pilot line 42b lowers with the lapse of 
time or when the control lever 41a of the control lever 
device 41 is manipulated. Hence, the actuator lock 
switching valve 50 is shifted to the right-hand position 
D as viewed in the drawing, and the delivery pressure 
of the hydraulic pump 10 is supplied to the pressure re- 
ceiving sections 28a, 28b of the pressure compensating 
valves 21a, 21b. 

[0034] Assuming here that the output pressure of the 
LS differential pressure generating valve 34 (i.e., the LS 
differential pressure) acting upon the pressure receiving 
section 25a of the pressure compensating valve 21a is 
Ps, the load pressure of the actuator 4a (i.e., the pres- 
sure downstream of the meter-in throttle of the direction- 
al control valve 20a) acting upon the pressure receiving 
section 26a thereof is P1 , the pressure upstream of the 
meter-in throttle of the directional control valves 20a act- 
ing upon the pressure receiving section 27a thereof is 
Pi, the output pressure of the actuator lock switching 
valve 50 acting upon the pressure receiving section 28a 
thereof is Pr, and the delivery pressure of the hydraulic 
pump 1 0 is Pp, the pressure compensating valve 21 a is 
subjected to a pressure (Ps + P1 ) at the end on the side 
acting in the opening direction and a pressure (Pi + Pp) 
at the end on the side acting in the closing direction be- 
cause of Pr = Pp. Assuming now the maximum load 
pressure to be PLmax, Ps < Pp is resulted from Ps - Pp 
- PLmax and PLmax > 0. Also, P1 < Pi is resulted due 
to a pressure loss caused by the meter-in throttle of the 
directional control valve 20a. Therefore, the relationship 
among the pressures acting upon the spool of the pres- 
sure compensating valve 21 a is expressed by (Ps + P1 ) 
< (Pi + Pp). Accordingly, the pressure compensating 
valve 21a is fully closed, whereby the hydraulic fluid no 
longer flows into the actuator4a and hence the actuator 



4a will not be driven even with the directional control 
valve 20a operated. In other words, the actuator 4a can 
be held locked by locking the pressure compensating 
valve 21a. 

5 [0035] Likewise, the pressure compensating valve 
21 b is fully closed because the above-described pres- 
sure relationship is also applied to the pressure com- 
pensating valve 21b. On the side of the actuator 4b, 
therefore, the actuator 4b is prevented from being driven 

10 due to not only that the control lever device 41 can no 
longer output the pilot control pressure and the direc- 
tional control valve 20b is incapable of being shifted as 
described above, but also that the hydraulic fluid no 
longer flows into the actuator 4b because the pressure 

15 compensating valve 21 b is fully closed even if the direc- 
tional control valve 20b should be moved. Thus, the ac- 
tuator 4b can be held locked by dual lock functions of 
locking both the directional control valve 20b and the 
pressure compensating valve 21b. 

20 [0036] P1 < Pi is assumed in the above description. 
On the side of the mechanically shifted directional con- 
trol valve 20a, however, the actuator 4a is a one, such 
as a track motor, which may raise a holding pressure 
when it is stopped. When a high holding pressure is sus- 

25 tained during the standstill of the actuator (e.g., when 
the excavator is stopped on a slope and the holding 
pressu re caused by the track motor for maintaining such 
a condition is high), the relationship of P1 > Pi may occur 
upon the control lever 40 being falsely manipulated to 

30 shift the directional control valve 20a from its neutral po- 
sition, because the high holding pressure acts upon as 
the load pressure P1 only the pressure receiving section 
26a by the presence of the load check valve 24a. Even 
in such a case, with this embodiment, the delivery pres- 

35 sure of the hydraulic pump 1 undertheloadsensingcon- 
trol is introduced to the pressure receiving section 28a 
and the relationship of P1 + Ps = Pp is held. Hence, (Ps 
+ P1) < (Pi + Pp) is resulted and the pressure compen- 
sating valve 21 a is fully closed. 

40 [0037] Additionally, when the actuator 4a is an actua- 
tor such as an actuator for the front attachment, for 
which P1 < Pi is always held, the relationship of (Ps + 
P1) < (Pi + Pr) is resulted if Ps < Pr, and the pressure 
compensating valve 21a is fully closed. In that case, 

45 therefore, the pressure introduced to the pressure re- 
ceiving section 28a of the pressure compensating valve 
21 a for locking the actuator may be a pressure from any 
hydraulic fluid supply source other than the delivery 
pressure of the hydraulic pump 10 so long as Ps < Pp 

50 is satisfied. For example, the LS differential pressure Ps 
is usually about 15 Kg/cm 2 , and the delivery pressure 
of the pilot pump 11 is usually about 50 Kg/cm 2 . There- 
fore, the delivery pressure of the pilot pump 11 may be 
used as the pressure introduced to the pressure receiv- 

55 ing section 28a of the pressure compensating valve 21 a. 
For the side of the actuator 4b, it is a basic condition that 
the control lever device 41 a can be no longer operated, 
the directional control valve 20b is held in its neutral po- 
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sition, and P1 < Pi is maintained. Hence, there is no 
problem in employing a pressure from any hydraulic flu- 
id supply source, such as the delivery pressure of the 
pilot pump 11. 

[0038] With this embodiment described above, even 
when the directional control valve 20a of the actuator 4a 
is a mechanically shifted valve, the actuator 4a can be 
locked and malfunctions of the actuators 4a, 4b can be 
prevented when they are in an inoperative condition 
while the engine 1 is being driven. Also, the pressure 
receiving sections 28a, 28b of the pressure compensat- 
ing valves 21a, 21b can be provided by using pressure 
receiving sections that are originally provided in the 
pressure compensating valves for drain passages. 
Therefore, the actuator 4a can be locked with a simple 
construction just requiring addition of the actuator lock 
switching valve 50. Further, since a main passage for 
supplying the hydraulic fluid to the actuator 4a there- 
through is cut off, the actuator 4a can be reliably locked. 
[0039] For the actuator 4b, the dual lock functions of 
locking both the directional control valve 20b and the 
pressure compensating valve 21b is provided. There- 
fore, the actuator 4b can be more reliably locked. 
[0040] Moreover, even when a mechanically shifted 
directional control valve for a front attachment is added 
to employ an additional attachment such as a crusher, 
it is possible to add the function of locking an actuator 
for the attachment with a simple construction by intro- 
ducing the output pressure of the actuator lock switching 
valve 50to an associated pressure compensating valve. 
[0041] In addition, even when the actuator 4a on the 
side of the mechanically shifted directional control valve 
23a is an actuator such as a track motor, which may 
raise a holding pressure and bring about the relationship 
of P1-> Pi when it is stopped, the actuator 4a can be 
locked and malfunctions of the actuators 4a, 4b can be 
prevented when they are in an inoperative condition 
while the engine 1 is being driven. 
[0042] A second embodiment of the present invention 
will be described with reference to Fig. 2. In Fig. 2, iden- 
tical components to those shown in Fig. 1 are denoted 
by the same reference numerals. In this embodiment, 
an actuator on the side of a mechanically shifted direc- 
tional control valve is a one, which does not raise a hold- 
ing pressure when it is stopped and which maintains the 
relationship of P1 < Pi, like an actuator for the front at- 
tachment. 

[0043] In Fig. 2, a hydraulic drive system of this em-, 
bodirrient comprises a hydraulic source 2A, a valve unit 
3A, and an actuator lock switching valve 50A. These 
components have different constructions from those in 
the first embodiment. 

[0044] More specifically, in the hydraulic source 2A, 
an LS control valve 12f of an LS control regulator 12A 
had a different construction from that in the first embod- 
iment. The LS control valve 12f includes a spring 12d 
for setting the target LS target differential pressure and 
a pressure receiving section 12g, which are provided at 



the end on the side acting to reduce a pressure supplied 
to the actuator 12b and to increase the tilting of the hy- 
draulic pump 10 : and a pressure receiving section 12h 
provided at the end on the side acting to increase the 

5 pressure supplied to the actuator 1 2b and to reduce the 
-tilting of the hydraulic pump 10. The maximum load 
pressure detected in the maximum load pressure line 
35 by the shuttle valve 22 is introduced to the pressure 
receiving section 12g via the signal pressure line 35a, 

10 and the delivery pressure of the hydraulic pump 10 is 
introduced to the pressure receiving section 12h. 
[0045] The valve unit 3A does not include the LS dif- 
ferential pressure generating valve 34 provided in the 
first embodiment, and signal pressures introduced to 

15 pressure receiving sections of the pressure compensat- 
ing valve 71 a, 71 b differ from those in the first embodi- 
ment. In the pressure compensating valves 71a, 71b, 
similarly to the first embodiment, the load pressures of 
the actuators 4a : 4b (i.e., the pressures downstream of 

20 the meter-in throttles of the directional control valves 
20a, 20b) are introduced to their pressure receiving sec- 
tions 26a, 26b at the ends on the side acting in the open- 
ing direction, and the pressures upstream of the meter- 
in throttles of the directional control valves 20a, 20b are 

25 introduced to their pressure receiving sections 27a, 27b 
at the ends on the side acting in the closing direction. 
Unlike the first embodiment, however, the delivery pres- 
sure of the hydraulic pump 1 0 is introduced to pressure 
receiving sections 75a, 75b of the pressure compensat- 

30 ing valves 71 a, 71 b at the ends on the side acting in the 
opening direction, and an output pressure of the actua- 
tor lock switching valve 50A is introduced to pressure 
receiving sections 78a, 78b thereof at the ends on the 
side acting in the closing direction. 

35 [0046] The actuator lock switching valve 50A is a 
3-port, 2-position switching valve disposed between a 
pilot line 51 and pilot lines 35b, 53. When the actuator 
lock switching valve 50A is in a left-hand position E as 
viewed in the drawing, the communication between the 

40 pilot lines 51 , 53 is cut off and the pilot lines 35b, 53 are 
communicated with each other. When the actuator lock 
switching valve 50 is shifted to a right-hand position F 
as viewed in the drawing, the pilot line 51 , 53 are com- 
municated with each other and the communication be- 

45 tween the pilot lines 35b, 53 is cut off. The pilot line 35b 
is a signal pressure line branched from the maximum 
load pressure line 35. The construction of the actuator 
lock switching valve 50A is similar to that in the first em- 
bodiment in points that it has a pressure receiving see- 
so tion 55 at the end on the same side as the left-hand po- 
sition E as viewed in the drawing, and a spring 56 at the 
end on the same side as the right-hand position F as 
viewed in the drawing, and that the pressure receiving 
section 55 is connected to the pilot line 42b via a signal 

55 pressure line 57. 

[0047] In the thus-constructed hydraulic drive system 
of this embodiment, when the pilot lock switching valve 
43 is in the lower position A as viewed in the drawing, 
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the delivery pressure of the pilot pump 11 is supplied to 
the pilot line 42b, and the control lever device 41 is in a 
state capable of outputting the pilot control pressure. 
Therefore, when the control lever 41a is manipulated, 
the directional control valve 20b is shifted depending on 
the direction and the input amount in and by which the 
control lever 41 a is manipulated. 
[0048] Also, the actuator lock switching valve 50A is 
in the left-hand position E as viewed in the drawing, and 
the maximum load pressure is introduced to the pres- 
sure receiving sections 78a, 78b of the pressure com- 
pensating valves 71a, 71b. Accordingly, a differential 
pressure between the pump delivery pressure intro- 
duced to the pressure receiving sections 75a, 75b of the 
pressure compensating valves 71a, 71b and the maxi- 
mum load pressure introduced to the pressure receiving 
sections 78a, 78b thereof, I.e., an LS differential pres- 
sure, is set as the target compensated differential pres- 
sure. Then, when the directional control valves 20a, 20b 
are operated at the same time, the hydraulic fluid deliv- 
ered from the hydraulic pump 1 0 driven by the engine 1 
is supplied, as with the first embodiment, to the actua- 
tors 4a, 4b at a distribution ratio depending on opening 
areas of the meter-in throttles of the directional control 
valves 20a, 20b regardless of the magnitudes of load 
pressures of the actuators 4a, 4b and even in the case 
of a saturation state where the delivery rate of the hy- 
draulic pump 1 0 is insufficient for satisfying ademanded 
flow rate. As a result, the combined operation can be 
satisfactorily performed. 

[0049] When the pilot lock switching vatve 43 is shift- 
ed to the upper position B as viewed in the drawing, the 
supply of the hydraulic fluid from the pilot pump 11 to 
the pilot line 42b is cut off, and the control lever device 
41 can no longer output the operation pilot pressure 
even with the control Iever41 a manipulated. Further the 
pressure in the pilot line 42b lowers with the lapse of 
time or when the control lever 41a of the control lever 
device 41 is manipulated, and the actuator lock switch- 
ing valve 50A is shifted to the right-hand position F as 
viewed in the drawing. Hence, the delivery pressure of 
the hydraulic pump 10 is supplied to the pressure re- 
ceiving sections 78a. 78b of the pressure compensating 
valves 71a, 71b. 

[0050] Assuming here that, as with the first embodi- 
ment, the pump delivery pressure acting upon the pres- 
sure receiving sections 75a, 78a of the pressure com- 
pensating valve 71 a is Pp, the load pressure of the ac- 
tuator 4a (i.e., the pressure downstream of the meter-in 
throttle of the directional control valve 20a) acting upon 
the pressure receiving section 26a thereof is P1 , the 
pressure upstream of the meter-in throttle of the direc- 
tional control valves 20a acting upon the pressure re- 
ceiving section 27a thereof is Pi, and the output pres- 
sure of the actuator lock switching vafve 50A acting up- 
on the pressure receiving section 78a thereof is Pr, the 
pressure compensating valve 71 a is subjected to a pres- 
sure (Pp + P1 ) at the end on the side acting in the open- 



ing direction and a pressure (Pi + Pp) at the end on the 
side acting in the closing direction because of Pr = Pp. 
At this time, since P1 < Pi is resulted due to a pressure 
loss caused by the meter-in throttle of the directional 
s control valve 20a, the relationship among the pressures 
acting upon a spool of the pressure compensating valve 
71a is expressed by (Pp + P1) < (Pi + Pp). Accordingly, 
the pressure compensating valve 71a is fully closed, 
whereby the hydraulic fluid no longer flows into the ac- 
10 tuator 4a and hence the actuator 4a will not be driven 
even with the directional control valve 20a operated. In 
other words, the actuator 4a can be held locked by lock- 
ing the pressure compensating valve 71 a. 
[0051] Likewise, the pressure compensating valve 
*5 71b is fully closed because the above-described pres- 
sure relationship is also applied to the pressure com- 
pensating valve 71b. On the side of the actuator 4b, 
therefore, the actuator4b is prevented from being driven 
due to not only that the control lever device 41 can no 
longer output the pilot control pressure and the direc- 
tional control valve 20b is incapable of being shifted as 
described above, but also that the hydraulic fluid no 
longer flows into the actuator 4b because the pressure 
compensating valve 71 b is fully closed even if the direc- 
tional control valve 20b should be moved. Thus, the ac- 
tuator 4b can be held locked by dual lock functions of 
locking both the directional control valve 20b and the 
pressure compensating valve 71b. 
[0052] Accordingly, this embodiment can also provide 
similar advantages to those in the first embodiment in 
the hydraulic drive system wherein the actuator 4a on 
the side of the mechanically shifted directional control 
valve 20a is a one, which does not raise a holding pres- 
sure when it is stopped and which maintains the rela- 
tionship of P1 < Pi, like an actuator for the front attach- 
ment. 

[0053] A third embodiment of the present invention 
will be described with reference to Fig. 3. In Fig. 3, iden- 
tical components to those shown in Figs. 1 and 2 are 
denoted by the same reference numerals. While the first 
and second embodiments employ a pressure compen- 
sating valve of the before orifice type being disposed 
upstream of the meter-in throttle of the directional con- 
trol valve, this embodiment employs a pressure com- 
pensating valve of the after orifice type being disposed 
downstream of the meter-in throttle of the directional 
control valve. 

[0054] In Fig. 3, numeral 3B denotes a valve unit used 
in this embodiment. The valve unit 3B comprises a plu- 
rality of closed center directional control valves 80a, 
80b, a plurality of pressure compensating valves 81a, 
81 b, load check valves 24a, 24b, and a shuttle valve 22. 
[0055] The directional control valves 80a, 80b in- 
clude, in separate fashion, flow rate control sections 
82a, 82b having meter-in throttles, and directional con- 
trol sections 83a, 83b located downstream of the flow 
rate control sections 82a, 82b, respectively. The flow 
rate control sections 82a, 82b and the directional control 
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valves 83a, 83b are connected to each other by feeder 
passages 84a, 84b. The pressure compensating valves 
8 1 a , 8 1 b are connected to the feeder passages 84a, 84b 
downstream of the flow rate control sections 82a, 82b. 
[0056] Also, the directional control valves 20a, 20b 
have the load ports 23a, 23b, and a higher one of the 
load pressures taken out at the load ports 23a, 23b is 
taken by the shuttle valve 22 and then detected, as a 
signal pressure, in the maximum load pressure line 35. 
This arrangement is the same as that in the foregoing 
embodiments. 

[0057] The pressure compensating valves 81a; 81b 
make control such that pressures downstream of the 
flow rate control sections 82a, 82b of the directional con- 
trol valves 80a, 80b are kept equal to each other, and 
hence such that differential pressures across the meter- 
in throttles of the flow rate control sections 82a, 82b are 
kept equal to each other. To that end, the pressure com- 
pensating valves 81a, 81b have respectively pressure 
receiving sections 85a, 85b at the ends on the side act- 
ing in the opening direction, and pressure receiving sec- 
tions 86a, 86b at the ends on the side acting in the clos- 
ing direction. The pressures downstream of the flow rate 
control sections 82a, 82b are introduced respectively to 
the pressure receiving sections 85a, 85b, and the output 
pressure of the actuator lock switching valve 50 A is in- 
troduced to the pressure receiving sections 86a, 86b. 
[0058] The actuator lock switching valve 50A is of the 
same construction as that in the second embodiment 
shown in Fig. 2. 

[0059] In the thus-constructed hydraulic drive system 
of this embodiment, when the pilot lock switching valve 
43 is in the lower position A and the actuator lock switch- 
ing valve 50A is in the left-hand position E as viewed in 
the drawing, the maximum load pressure detected by 
the shuttle valve 22 is introduced to the pressure receiv- 
ing sections 86a, 86b of the pressure compensating 
valves 81 a, 81b, whereby the pressures downstream of 
the flow rate control sections 82a, 82b of the directional 
control valves 80a, 80b are controlled to be kept equal 
to each other, and hence the differential pressures 
across the meter-in throttles of the flow rate control sec- 
tions 82a, 82b are controlled to be kept equal to each 
other. Herein, the differential pressures across the me- 
ter-in throttles of the flow rate control sections 82a, 82b 
become substantially equal to the differential pressure 
between the pump delivery pressure and the maximum 
load pressure, i.e., the LS differential pressure. Accord- 
ingly, when the directional control valves 80a, 80b are 
operated at the same time, the hydraulic fluid delivered 
from the hydraulic pump 10 driven by the engine 1 is 
supplied, as with the first embodiment, to the actuators 
4a, 4b at a distribution ratio depending on opening areas 
of the meter-in throttles of the directional control valves 
20a, 20b regardless of the magnitudes of load pressures 
of the actuators 4a, 4b and even in the case of a satu- 
ration state where the delivery rate of the hydraulic 
pump 1 0 is insufficient for satisfying a demanded flow 



rate. As a result, the combined operation can be satis- 
factorily performed. 

[0060] When the pilot lock switching valve 43 is shift- 
ed to the upper position B and the actuator lock switch- 
5 ing valve 50A is shifted to the right-hand position F as 
viewed in the drawing, the delivery pressure of the hy- 
draulic pump 10 is introduced to the pressure receiving 
sections 86a, 86b of the pressure compensating valves 
81a, 81b. 

10 [0061 ] Assuming here that, as with the above embod- 
iments, the pressure downstream of the flow rate control 
section 82a of the directional control valve 80a acting 
upon the pressure receiving section 85a of the pressure 
compensating valve 81a is P1, the output pressure of 
15 the actuator lock switching valve 50A acting upon the 
pressure receiving section 86a thereof is Pr, and the de- 
livery pressure of the hydraulic pump 1 0 is Pp, Pr = Pp 
is held and P1 < Pp is resulted due to a pressure loss 
caused by the flow rate control section 82a of the direc- 
tional control valve 80a, whereby the pressure compen- 
sating valve 81 a is fully closed. Therefore, the hydraulic 
fluid no longer flows into the actuator 4a and hence the 
actuator 4a will not be driven even with the directional 
control valve 80a operated. In other words, the actuator 
4a can be held locked by locking the pressure compen- 
sating valve 81a. 

[0062] The above-described pressure relationship is 
similarly applied to the side of the pressure compensat- 
ing valve 81b. 

[0063] Accordingly, this embodiment can also provide 
similar advantages to those in the second embodiment 
by employing the pressure compensating valves 81a, 
81 b of the after orifice type. 

[0064] A fourth embodiment of the present invention 
will be described with reference to Figs.4 and 5. In Figs. 
4 and 5, identical components to those shown in Figs. 
1 to 3 are denoted by the same reference numerals. 
While the pilot lock switching valve 43 is a two-way valve 
in the above embodiments, it is constituted as a three- 
way valve in this embodiment. 

[0065] In Fig. 4, numeral 43A denotes a pilot lock 
switching valve used in this embodiment. The pilot lock 
switching valve 43 A is a three-way valve having two shift 
positions A' , B\ When the pilot lock switch ing valve 43A 
is in the position A' on the lower side as viewed in the 
drawing, the pilot lines 42a, 42b are communicated with 
each other. When the pilot lock switching valve 43A is 
shifted to the position B' on the upper side as viewed in 
the drawing, the communication between the pilot lines 
42a, 42b is cut off and the pilot line 42b is communicated 
with the reservoir 54. The remaining construction is the 
same as that in the first embodiment shown in Fig. 1 . 
[0066] In this embodiment thus constructed, when the 
pilot lock switching valve 43A is shifted to the upper po- 
sition B' as viewed in the drawing, the supply of the hy- 
draulic fluid from the pilot pump 11 to the pilot line 42b 
is cut off and the pilot line 42b is communicated with the 
reservoir 54. Accordingly, the actuator lock switching 
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valve 50 is quickly shifted to the right-hand position D 
as viewed in the drawing, whereupon the delivery pres- 
sure of the hydraulic pump 1 0 is supplied to the pressure 
receiving sections 28a, 28b of the pressure compensat- 
ing valves 21a, 21b. With this embodiment, therefore, 5 
the actuator can be locked with a better response in the 
embodiment shown in Fig. 1 . 

[0067] Fig. 5 shows a modification in which the pilot 
lock switching valve in the embodiment of Fig. 3 is con- 
stituted as the three-way valve 43A similarly to the fourth i o 
embodiment of Fig. 4. This modified embodiment can 
also lock the actuator with a better response. 
[0068] As a matter of course, though not shown, the 
pilot lock switching valve in the embodiment of Fig. 2 
may be constituted as the three-way valve 43A similarly is 
to the fourth embodiment of Fig. 4. 
[0069] A fifth embodiment of the present invention will 
be described with reference to Fig. 6. In Fig. 6, identical 
components to those shown in Fig. 1 are denoted by the 
same reference numerals. 20 
[0070] According to the embodiments described 
above, in a hydraulic drive system including pressure 
compensating valves controlled by an LS system, all ac- 
tuators can be locked with a simple construction regard- 
less of the shifting types of directional control valves, 25 
and can be prevented from malfunctioning in an inoper- 
ative condition while an engine is being driven. While 
such an arrangement capable of locking all the actua- 
tors is desirous from the viewpoint of safety, that ar- 
rangement has a disadvantage that, when a particular 30 
actuator is to be unlocked for performing work, it is im- 
possible to unlock only the particular actuator. 
[0071 ] In a small-sized hydraulic excavator, for exam- 
ple, reserve actuator ports are provided in a valve unit. 
Usually, when a bucket attached to the fore end of an 35 
operating machine is replaced by another front attach- 
ment such as a crusher, the reserve actuator ports are 
used for driving an actuator for the replaced front attach- 
ment. 

[0072] As another usage form of the reserve actuator *o 
ports, in some cases, hydraulic supply lines for an ex- 
ternal operating machine (such as a hand breaker and 
a hand cutter) are connected to the reserve actuator 
ports, and the hydraulic drive system is utilized as a hy- 
draulic source. In such a case, the operator usually <s 
steps down from the cab and then performs work. With 
the construction of the preceding invention, however, it 
is impossible to unlock only the particular actuator. 
Hence, when the operator performs work while using the 
reserve actuator ports in that form, all the actuators must 50 
be unlocked and malfunctions of the other actuators 
cannot be prevented. Particularly, if all the actuators are 
unlocked in a condition where the operator is not board- 
ed on the cab, a resulting influence would be increased 
• in the event of a malfunction. 55 
[0073] Further, it is general that a lock switching valve 
is interlocked with a gate lock lever provided at a door- 
way of the cab in such a manner as to be able to open 



and close. When stepping down from the cab, the oper- 
ator raises the gate lock lever, whereby the lock switch- 
ing valve is automatically shifted to a lock position. Ac- 
cordingly, in order to unlock the actuator in the condition 
where the operator is not boarded on the cab, the oper- 
ator must lower the gate lock lever from the outside of 
the cab. This entails a difficulty in manipulating a control 
lever for a manually shifted directional control valve as- 
sociated with a reserve actuator from the outside of the 
cab, thus resulting in reduced operability. Furthermore, 
in the event of a malfunction, the operator cannot quickly 
access the control lever, and therefore safety is deteri- 
orated. 

[0074] This embodiment is intended, in a hydraulic 
drive system including pressure compensating valves 
controlled by an LS system, to make it possible to lock 
all actuators with a simple construction regardless of the 
shifting types of directional control valves, prevent all 
the actuators from malfunctioning in an inoperative con- 
dition while an engine is being driven, as well as to se- 
lectively unlock only a particular actuator as an occasion 
requires. 

[0075] Referring to Fig. 6, the actuator 4a is a one em- 
ployed when the bucket is replaced by another ordinary 
front attachment (e.g., a crusher). 
[0076] The valve unit 3 includes reserve actuator 
ports 1 00 for replacement of the front attachment, the 
reserve actuator ports 100 being connected within the 
valve unit 3 to the actuator ports of the directional control 
valve 20a. Also, the reserve actuator ports 1 00 are con- 
nected to connection plugs 101 attached to the fore 
ends of hydraulic lines for the actuator 4a, whereby the 
directional control valve 20a is hydraulically connected 
to the actuator 4a. 

[0077] The directional control valve 20a is a mechan- 
ically shifted valve. The actuator 4b is, e.g., an arm cyl- 
inder of a hydraulic excavator and the directional control 
valve 20b is a pilot-operated valve driven by a pilot con- 
trol pressure supplied from the control lever device 41 . 
Those points are the same as those in the first embod- 
iment. 

[0078] Numeral 143 is a pilot lock switching valve 
used in this embodiment. The pilot lock switching valve 
143 is a 4-port, 3-position valve disposed between the 
pilot line 42a and a reservoir line 102 on one side and 
the pilot lines 42b, 57 on the other side. The pilot lock 
switching valve 143 can be switched over among three 
positions, i.e., a position A1 (unlock position) on the low- 
er side, a position B1 (total lock position) at the center, 
and a position B2 (partial lock position) on the upper side 
as viewed in the drawing. When the pilot lock switching 
valve 143 is in the position A1 , the communication be- 
tween the pilot lines 42b, 57 and the reservoir line 102 
is cut off and the pilot line 42a is communicated with the 
pilot lines 42b, 57. When the pilot lock switching valve 
143 is in the position B1 , the communication between 
the pilot line 42a and the pilot lines 42b, 57 is cut off and 
the pilot lines 42b, 57 are communicated with the reser- 
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voir line 102. When the pilot lock switching valve 143 is 
in the position B2, the pilot line 42a is communicated 
with the pilot line 57 and the pilot line 42b is communi- 
cated with the reservoir line 1 02. Unlike the first embod- 
iment, the pilot line 57 is not connected to the pilot line 
42b, but directly connected to the pilot lock switching 
valve 143. The reservoir line 102 is connected to the 
reservoir 54. 

[0079] As with the pilot lock switching valve 43 of the 
first embodiment, the pilot lock switching valve 1 43 is of 
the mechanically shifted type having a spool directly 
driven by a control lever 143a. By holding the control 
lever 143a on a latch mechanism (not shown), the pilot 
lock switching valve 1 43 is usually held in the lower po- 
sition A1 (unlock position) as viewed in the drawing. 
Thereby, as mentioned above, the control lever device 
41 can produce the pilot control pressure upon manip- 
ulation of the control lever 41 a and can drive the direc- 
tional control valve 20b. 

[0080] A control lever 1 43a is, for example, a gate lock 
lever provided at a doorway of a hydraulic excavator* s 
cab in such a manner as to be able to open and close. 
The position A1 (unlock position) corresponds to a state 
where the gate lock lever is descended (state where the 
doorway is blocked off), and the position B1 (total lock 
position) and the position B2 (partial lock position) cor- 
respond to a state where the gate lock lever is ascended 
(state where the doorway is opened). Further, the posi- 
tion B1 (total lock position) and the position B2 (partial 
lock;position) are selectively maintained by raising the 
control lever 143a at different lever angles. 
[0081] The operation of the thus-constructed hydrau- 
lic drive system of this embodiment will be described be- 
low. 

[0082] In the case of the pilot lock switching valve 143 
being in the position A1 (unlock position) and in the case 
of the pilot lock switching valve 143 being shifted to the 
position B1 (total lock position), the hydraulic drive sys- 
tem operates in the same manner as when the pilot lock 
switching valve 43 is shifted to the open position A and 
the closed position B in the first embodiment, respec- 
tively. 

[0083] More specifically, when the pilot lock switching 
valve 143 is in the position A1 (unlock position), the de- 
livery pressure of the pilot pump 11 is supplied to the 
pilot lines 42b, 57, the control lever device 41 is in a 
state capable of outputting the pilot control pressure, 
and the actuator lock switching valve 50 is in the position 
C (unlock position). Therefore, when the control lever 
41a is manipulated, the directional control valve 20b is 
shifted depending on the direction and the input amount 
in and by which the control lever 41a is manipulated, 
thus enabling the actuator 4b to be driven. Also, when 
the directional control valves 20a, 20b are operated at 
the same time, the hydraulic flu id delivered from the hy- 
draulic pump 10 is supplied to the actuators 4a, 4b at a 
distribution ratio depending on opening areas of the me- 
ter-in throttles of the directional control valves 20a, 20b 



even in the case of a saturation state. As a result, the 
combined operation can be satisfactorily performed. 
[0084] When the pilot lock switching valve 1 43 is shift- 
ed to the position B1 (total lock position), the supply of 

5 the hydraulic fluid from the pilot pump 1 1 to the pilot lines 
42b, 57 is cut off, and the pilot lines 42b, 57 are com- 
municated with the reservoir line 102 so that the pilot 
lines 42b, 57 are held at the reservoir pressure. There- 
fore, the control lever device 41 can no longer output 

10 the operation pilot pressure even with the control lever 
41a manipulated. Further, the actuator lock switching 
valve 50 is shifted to the position D (lock position), and 
the delivery pressure of the hydraulic pump 10 is sup- 
plied as a closed-valve lock pressure to the pressure 

15 receiving sections 28a, 28b of the pressure compensat- 
ing valves 21a, 21b. 

[0085] Accordingly, as described above in connection 
with the first embodiment, the pressure compensating 
valve 21 a is fully closed and locked in the valve closed 

20 position, whereby the hydraulic fluid no longer flows into 
the actuator 4a and hence the actuator 4a will not be 
driven even with the directional control valve 20a oper- 
ated. In other words, the actuator 4a can be held locked 
by locking the pressure compensating valve 21a in the 

25 valve closed position . On the side of the actuator 4b, the 
actuator 4b can be held locked by dual lock functions of 
locking both the directional. control valve 20b and the 
pressure compensating valve 21b. 
[0086] On the other hand, in the case of removing 

30 lines for the actuator 4a from the reserve actuator ports 
100, connecting hydraulic supply lines for an external 
operating machine (such as a hand breaker and a hand 
cutter) instead to the reserve actuator ports 100, and 
utilizing the hydraulic drive system as a hydraulic 

35 source, the pilot lock switching valve 143 is shifted to 
the position B2 (partial lock position). In such a case, 
the pilot lines 42a, 57 are communicated with each oth- 
er, allowing the delivery pressure of the pilot pump 11 to 
be supplied to the pilot line 57, and the pilot line 42b is 

40 communicated with the reservoir line 1 02 so that the pi- 
lot line 42b is held at the reservoir pressure. 
[0087] Therefore, the actuator lock switching valve 50 
is shifted to the position C (unlock position), and the 
closed-valve lock pressure (delivery pressure of the hy- 
draulic pump 1 0) is not supplied to the pressure receiv- 
ing sections 28a, 28b of the pressure compensating 
valves 21a, 21 b : whereby the pressure receiving sec- 
tions 28a, 28b are held at the reservoir pressure. As a 
result, on the side of the actuator for the external oper- 

50 ating machine (the actuator 4a side in the illustrated em- 
bodiment), when the control lever 40 is manipulated to 
shift the directional control valve 20a from the neutral 
position, the pressure compensating valve 21a is 
opened as usual and the hydraulic fluid is supplied to 

55 the actuator for the external operating machine at a flow 
rate depending on the opening area of the meter-in 
throttle of the directional control valve 20a. Hence, the 
actuator for the external operating machine can be driv- 
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en with the manipulation of the control lever 40, and the 
external operating machine can be operated. 
[0088] On the side of the actuator 4b, since the pilot 
line 42b is held at the reservoir pressure, as described 
above, the control lever device 41 can no longer output 5 
the pilot control pressure even with the control lever 41 a 
manipulated. As a result, the directional control valve 
20b is incapable of being shifted and the actuator 4b can 
be locked. 

[0089] As described above, with this embodiment, 
similar advantages to those in the first embodiment can 
be obtained. For example, in spite of the directional con- 
trol valve 20a for the actuator 4a being a mechanically 
shifted valve, all the actuators 4a, 4b, including the ac- 
tuator 4a, can be locked. 

[0090] Further, when the pilot lock switching valve 1 43 
is shifted to the position B2 (partial lock position), the 
actuator 4b is locked, while only the actuator on the side 
of the directional control valve 23a can be selectively 
unlocked. Accordingly, in the case of performing work 
by removing lines for the actuator 4a from the reserve 
actuator ports 1 00, connecting hydraulic supply lines for 
an external operating machine (such as a hand breaker 
and a hand cutter) instead to the reserve actuator ports 
100, and utilizing the hydraulic drive system as a hy- 
draulic source, the work can be performed without a 
malfunction of the actuator 4b by shifting the pilot lock 
switching valve 143 to the upper position B2 as viewed 
in the drawing. Hence, the operator can perform the 
work with safety in a condition of being not boarded on 
the cab. 

[0091] A sixth embodiment of the present invention 
will be described with reference to Fig. 7. In Fig. 7, iden- 
tical components to those shown in Figs. 1 to 6 are de- 
noted by the same reference numerals. In this embodi- 
ment, another lock switching valve is provided separate- 
ly from the pilot lock switching valve so that the actuator 
on the side of the mechanically shifted directional con- 
trol valve can be separately locked. 
[0092] In Fig. 7, a hydraulic drive system of this em- 
bodiment includes two switching valves, i.e., a pilot lock 
switching valve 43 and an actuator lock switching valve 
110, instead of the pilot lock switching valve 143 in the 
embodiment shown in Fig. 1 . Also, the pilot line 53 on 
the output side of the actuator lock switching valve 50 
is connected to only the pressure receiving section 28b 
of the pressure compensating valve 21b at the end on 
the side acting in the closing direction. A pilot line 113 
is connected to the pressure receiving section 28a of 
the pressure compensating valve 21a at the end on the 
side acting in the closing direction, and is also connect- 
ed to the output side of the actuator lock switching valve 
110. 

[0093] The pilot lock switching valve 43 is the same 
as that in the first embodiment shown in Fig. 1 , and the 
pilot line 57 leading to the pressure receiving section 
55c of the actuator lock switching valve 50 is connected 
to the pilot line 42b. 



[0094] The actuator lock switching valve 110 is dis- 
posed between a pilot line 111 branched from the pilot 
line 51 and a drain line 112 branched from the drain line 
52 on one side and a pilot line 113 on the other side. 
The actuator lock switching valve 110 is a 3-port, 2-po- 
sjtion switching valve similar to the actuator lock switch- 
ing valve 50, which can be switched over between a left- 
hand position G (unlock position) and a right-hand po- 
sition H (lock position) as viewed in the drawing. When 
the actuator lock switching valve 110 is in the position 
G, the communication between the pilot lines 111. 113 
is cut off and the pilot line 1 1 3 is communicated with the 
drain line 112. When the actuator lock switching valve 
110 is shifted to the position H, the pilot lines 111 . 113 
are communicated with each other and the communica- 
tion between the pilot line 113 and the drain line 112 is 
cut off. 

[0095] The actuator lock switching valve 1 1 0 is of the 
mechanically shifted type having a spool directly driven 
by a control lever 1 1 0a. By holding the control lever 1 1 0a 
on a latch mechanism (not shown), the actuator lock 
switching valve 110 is usually held in the position G (un- 
lock position). Thereby, the pressure receiving section 
28a of the pressure compensating valve 21a is held at 
the reservoir pressure, and the pressure compensating 
valve 21a can be operated without being locked in the 
valve closed position. 

[0096] The control lever 1 1 0a may be independent of 
the control lever (gate lock lever) 43a of the pilot lock 
switching valve 43, but it is preferably interlocked with 
the control lever 43a. In the latter case, both levers are 
interlocked, by way of example, as follows. When the 
control lever (gate lock lever) 43a is lowered to shift the 
pilot lock switching valve 43 to the position A (unlock 
position), the actuator lock switching valve 110 takes the 
position G (unlock position). When the control lever 
(gate lock lever) 43a is raised to shift the pilot lock 
switching valve 43 to the position B (lock position), the 
actuator lock switching valve 110 is also shifted to the 
position H (lock position). When the control lever (gate 
lock lever) 43a is further raised, the actuator lock switch- 
ing valve 1 1 0 is shifted to the position G (unlock position) 
while the pilot lock switching valve 43 remains held in 
the position B (lock position). 

[0097] In this embodiment thus constructed, when the 
pilot lock switching valve 43 and the actuator lock 
switching valve 110 are respectively in the positions A 
and G (unlock positions), the control lever device 41 is 
in a state capable of outputting the pilot control pressure 
and the pressure compensating valves 21a, 21b are not 
locked in the valve closed positions, as described 
above. Therefore, the actuators 4a, 4b can be driven 
depending on the directions and the input amounts in 
and by which the control levers 40, 41 a are manipulated. 
[0098] When the pilot lock switching valve 43 and the 
actuator lock switching valve 1 1 0 are shifted respective- 
ly to the positions B and H (lock positions), the control 
lever device 41 can no longer produce the pilot control 



15 



20 



25 



30 



35 



40 



45 



50 



14 



BNSDOCID: <EP 1 1 64297A1J_> 



27 



EP 1 164 297 A1 



28 



pressure, and the directional control valve 20b is inca- 
pable of being shifted. In addition, the delivery pressure 
of the hydraulic pump 10 is supplied as a closed-valve 
lock pressure to the pressure receiving sections 28a, 
28b of the pressure compensating valves 21a, 21b, 
whereby the pressure compensating valves 21a, 21b 
are locked in the valve closed position. Accordingly, on 
the side of the actuator 4a : the pressure compensating 
valve 21a can be locked in the valve closed position. On 
the side of the actuator 4b, the actuator 4b can be held 
locked by dual lock functions of making the directional 
control valve 20b disable to operate and locking the 
pressure compensating valve 21b in the valve closed 
position. 

[0099] When the pilot lock switching valve 43 is shift- 
ed to the position B (lock position) and the actuator lock 
switching valve 110 remains held in the position G (un- 
lock position), the pressure compensating valve 21a is 
not locked in the valve closed position on the side of the 
actuator 4a. Therefore, the actuator 4a can be driven by 
manipulating the control lever 40 of the mechanically 
shifted directional control valve 20a to operate it. On the 
side of the actuator 4b, however, the actuator 4b can be 
held locked by dual lock functions of making the direc- 
tional control valve 20b disable to operate and locking 
the pressure compensating valve 21b in the valve 
closed position. 

[01 00] Accordingly, as with the first embodiment, this 
embodiment can also provide similar advantages that, 
in the hydraulic drive system including the pressure 
compensating valves 21 a, 21 b controlled by the LS sys- 
tem, ail the actuators 4a, 4b can be locked with a simple 
construction even in the case of including the mechan- 
ically shifted directional control valve 29a, and can be 
prevented from malfunctioning in an inoperative condi- 
tion while the engine is being driven. In addition, only 
the particular actuator 4a can be selectively unlocked 
as an occasion requires. 

[0101] In the sixth embodiment shown in Fig. 7, the 
pilot lock switching valve 43 is a 2-port, 2-position valve. 
As a matter of course, however, the pilot lock switching 
valve may be constituted as the 3-port, 2-position valve 
43A similarly to the fourth embodiment shown in Figs. 
4 and 5. In such a case, as described above, the actu- 
ator can be locked with a better response. 
[0102] A seventh embodiment of the present inven- 
tion will be described with reference to Figs. 8 and 9. In 
Figs. 8 and 9, identical components to those shown in 
Figs. 1 , 6 and 7 are denoted by the same reference nu- 
merals. In this embodiment, the pilot lock switching 
valve and the actuator lock switching valve in the sixth 
embodiment are each constituted as a solenoid-shifted 
valve. 

[01 03] In Fig. 8, as with the embodiment shown in Fig. 
• 7, a hydraulic drive system of this embodiment includes 
two switching valves, i.e., a pilot lock switching valve 
43D and an actuator lock switching valve 11 0D, instead 
of the pilot lock switching valve 143 in the embodiment 



shown in Fig. 6. 

[0104] The pilot lock switching valve 43D and the ac- 
tuator lock switching valve 1 1 0D are both solenoid-shift- 
ed valves having solenoid shifting sectors 150, 151 , re- 

5 spectively. Electrical signals are applied to the solenoid 
shifting sectors 150, 151 from a controller 152. Further, 
switches SW1 , SW2 are provided which are manipulat- 
ed by the operator for shifting the pilot lock switching 
valve 43D and the actuator lock switching valve 11 OD. 

10 Signals from the switches SW1 , SW2 are inputted to the 
controller 152. The switch SW1 is a total unlock switch 
for switching over all of the actuators 4a, 4b between 
the locked and unlocked states. The switch SW2 is a 
partial unlock switch for switching over one particu lar ac- 

15 tuator, i.e., the actuator 4a, between the locked and un- 
locked states. 

[0105] The controller 152 executes predetermined 
procedures of processing in accordance with the signals 
from the switches SW1 , SW2 and then outputs electrical 
20 signals to the solenoid shifting sectors 150, 151 based 
on the processing result. 

[0106] Fig. 9 shows processing details executed by 
the controller 152. The pilot lock switching valve 43D 
and the actuator lock switching valve 110D have the 

25 same shift positions as those of the pilot lock switching 
valve 43 and the actuator lock switching valve 1 1 0 in the 
sixth embodiment. Thus, the pilot lock switching valve 
43D and the actuator lock switching valve 110D have 
respectively the positions A and G as unlock positions 

30 and the positions B and H as lock positions. 

[0107] When the total unlock switch SW1 istumedon, 
the pilot lock switching valve 43D and the actuator lock 
switching valve 110D are shifted to the positions A and 
G (unlock positions) regardless of the state of the partial 

35 unlock switch SW2, whereby all the actuators are un- 
locked. When the total unlock switch SW1 is turned off, 
the pilot lock switching valve 43D is shifted to the posi- 
tion B, i.e., the lock position, and the actuator lock 
switching valve 110D is shifted depending on the posi- 

40 tion of the partial unlock switch SW2 as follows: 

• when the partial unlock switch SW2 is also turned 
off 

45 _> the actuator lock switching valve 1 1 0D is in the 
position H (lock position) 

• when the partial unlock switch SW2 is also turned 
on 

so 

-» the actuator lock switching valve 1 1 0D is in the 
position G (unlock position) 

[0108] In this embodiment, as described above, by 
55 turning on the total unlock switch SW1 , all the actuators 
are unlocked, and therefore the actuators 4a, 4b can be 
driven depending on the directions and the input 
amounts in and by which the control levers 40, 41a are 
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manipulated. 

[0109] When the total unlock switch SW1 is turned off 
and the partial unlock switch SW2 is also turned off, the 
pilot lock switching valve 43D and the actuator lock 
switching valve 110D are shifted to the positions B and 
H (lock positions). On the side of the actuator 4a, there- 
fore, the actuator 4a can be held locked by locking the 
pressure compensating valve 21a in the valve closed 
position. On the side of the actuator 4b, the actuator 4b 
can be held locked by dual lock functions of making the 
directional control valve 20b disable to operate and lock- 
ing the pressure compensating valve 21b in the valve 
closed position. 

[01 1 0] When the total unlock switch SW1 is turned off 
and the partial unlock switch SW2 is turned on, the pilot 
lock switching valve 43D is shifted to the position B (lock 
position) and the actuator lock switching valve 11 0D is 
shifted to the position G (unlock positions). On the side 
of the actuator 4a, therefore, the pressure compensat- 
ing valve 21 a is not locked in the valve closed position, 
and the actuator 4a can be driven by manipulating, the 
control lever 40 of the mechanically shifted directional 
control valve 20a so as to operate the directional control 
valve 20a. On the side of the actuator 4b, the actuator 
4b can be held locked by dual lock functions as de- 
scribed above. 

[01 1 1 ] Accordingly, as with the first embodiment, this 
embodiment can also provide, similar advantages that, 
in the hydraulic drive system including the pressure 
compensating valves 21 a, 21 b controlled by the LS sys- 
tem, all the actuators 4a, 4b can be locked with a simple 
construction even in the case of including the mechan- 
ically shifted directional control valve 29a, and can be 
prevented from malfunctioning in an inoperative condi- 
tion while the engine is being driven. In addition, only 
the particular actuator 4a can be selectively unlocked 
as an occasion requires. 

[0112] In this embodiment, the pilot lock switching 
valve 43D of the solenoid-shifted type is a 2-port, 2-po- 
sition valve, but it may be, as a matter of course, con- 
stituted as the 3-port, 2-position valve 43A similarly to 
the fourth embodiment shown in Figs. 4 and 5. 
[01 1 3] An eighth embodiment of the present invention 
will be described with reference to Fig. 10. In Fig. 10, 
identical components to those shown in Figs. 1, 2 and 
6 are denoted by the same reference numerals. In this 
embodiment, the fifth embodiment shown in Fig. 6 is 
modified in the same manner as modifying the first em- 
bodiment shown in Fig. 1 to obtain the second embod- 
iment shown in Fig. 2. 

[0114] More specifically, in Fig. 10, a hydraulic drive 
system of this, embodiment comprises a hydraulic 
source 2A, a valve unit 3A, and an actuator lock switch- 
ing valve 50A. These components have different con- 
structions from those in the fifth embodiment shown in 
Fig. 6. The hydraulic source 2A, the valve unit 3A, and 
the actuator lock switching valve 50A are the same as 
those used in the second embodiment shown in Fig. 2. 



[0115] This embodiment can also provide similar ad- 
vantages to those in the fifth embodiment in the hydrau- 
lic drive system wherein the actuator 4a on the side of 
the mechanically shifted directional control valve 20a is 
5 a one, which does not raise a holding pressure when it 
is stopped and which maintains the relationship of P1 < 
Pi. 

[0116] A ninth embodiment of the present invention 
will be described with reference to Fig. 11. In Fig. 11, 

10 identical components to those shown in Figs. 1 , 3 and 
6 are denoted by the same reference numerals. While 
the fifth to eighth embodiments employ a pressure com- 
pensating valve of the before orifice type being disposed 
upstream of the meter- in throttle of the directional con- 

15 trol valve, this embodiment employs a pressure com- 
pensating valve of the after orifice type being disposed 
downstream of the meter-in throttle of the directional 
control valve. 

[0117] In Fig. 11 , a hydraulic drive system of this em- 

20 bodiment includes a valve unit 3B, which has a different 
construction from that in the eighth embodiment shown 
in Fig. 10. The valve unit 3B is the same as that used in 
the third embodiment shown in Fig. 3, and comprises a 
plurality of closed center directional control valves 80a, 

25 80b, a plurality of pressure compensating valves 81a, 
81 b, load check valves 24a, 24b, and a shuttle valve 22. 
The pressure compensating valves 81a, 81b are of the 
after orifice type being disposed downstream of meter- 
in throttles of the directional control valves 80a : 80b. 

30 [01 18] This embodiment can also provide similar ad- 
vantages as those in the fifth and eighth embodiments 
in the case of employing the pressure compensating 
valves 81 a, 81 b of the after orifice type. 
[0119] While the embodiment of Fig. 11 is obtained by 

35 employing the pressure compensating valves of the af- 
ter orifice type instead of the pressure compensating 
valves of the before orifice type used in the embodiment 
of Fig. 10, the embodiments shown in Figs. 6, 7 and 8 
may also be modified so as to employ the pressure com- 

40 pensating valves of the after orifice type. 

[0120] In any of the foregoing embodiments, the ac- 
tuator 4b is held locked by dual lock mechanisms of lock- 
ing the directional control valve 20b (pilot lock) and lock- 
ing the pressure compensating valve 21 b. However, the 

45 actuator 4b may be held locked by only one of the dual 
lock mechanisms. 

[0121] Also, while the above description is made in 
connection with a system including a single unit of the 
actuator 4a associated with the mechanically shifted di- 

50 rectional control valve 20a and a single unit of the other 
actuator 4b, these types of actuators may be of course 
disposed in plural numberfor each type. In such a case, 
the directional control valve and the pressure compen- 
sating valve are disposed are also disposed in plural 

55 number correspondingly. Then, a plurality of actuators 
on the actuator 4a side are held locked by locking the 
directional control valves, and a plurality of actuators on 
the actuator 4b side are held locked by locking the di- 
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one, wherein said hydraulic drive system further 
comprises: 

a first lock switching valve (50; 50A; 1 1 0; 1 1 0D) 
5 having first and second shift positions (C,D; E, 

F; G,H) and outputting a pressure of a hydraulic 
supply source when said first lock switching 
valve is shifted from the first position to the sec- 
ond position; and 
10 a first pressure receiving section (28a) provided 

at an end of said first pressure compensating 
valve (21 a) on the side acting in the closing di- 
rection, and connected to the output side of said 
first lock switching valve, 
15 said first pressure compensating valve being 

fully closed when said first lock switching valve 
is shifted to the second position and the pres- 
sure of said hydraulic supply source is intro- 
duced to said first pressure receiving section. 

20 

2. A hydraulic drive system according to Claim 1, 
wherein said particular directional control valve 
(20a) is a mechanically shifted valve, and said other 
directional control valve (20b) than said particular 
25 one is a pilot-shifted valve driven by a pilot control 
pressure. 



rectional control valves (pilot pressures) and/or the 
pressure compensating valves. 

Industrial Applicability 

[0122] According to the present invention, even when 
a directional control valve for an actuator is a mechani- 
cally shifted valve, the actuator can be locked and can 
be prevented from malfunctioning in an inoperative con- 
dition while an engine is being driven. Also, since the 
system of the present invention can utilize a pressure 
receiving section that is originally provided in a pressure 
compensating valve for a drain passage, the actuator 
can be locked with a simple construction. Moreover, 
since a main passage for supplying a hydraulic fluid to 
the actuator therethrough is cut off, the actuator can be 
reliably locked. 

[0123] Further, even when a mechanically shifted di- 
rectional control valve for a front attachment is added to 
employ an additional attachment such as a crusher, an 
actuator for the attachment can be locked with a simple 
construction by introducing an output pressure of a first 
lock switching valve to an associated pressure compen- 
sating valve. 

[01 24] Still further, according to the present invention, 
dual lock functions of locking the directional control 
valve and the pressure compensating valve are provid- 
ed for an actuator associated with a pilot-operated di- 
rectional control valve. Therefore, the actuator can be 
more reliably locked. 

[0125] In addition, according to the present invention, 
only a particular actuator can be selectively unlocked as 
an occasion requires. 



Claims 

1 . A nydraulic drive system comprising a variable dis- 
placement hydraulic pump (10), a plurality of actu- 
ators (4a,4b) driven by a hydraulic fluid delivered 
from said hydraulic pump, a plurality of directional 
control valves (20a,20b) for controlling respective 
flow rates of the hydraulic fluid supplied from said 
hydraulic pump to said plurality of actuators, a plu- 
rality of pressure compensating valves (21a,21b) 
for controlling respective differential pressures 
across said plurality of directional control valves, 
and pump control means (12) for performing load 
sensing control to hold a delivery pressure of said 
hydraulic pump higher than a maximum load pres- 
sure of said plurality of actuators by a target differ- 
ential pressure, said plurality of pressure compen- 
sating valves including a first pressure compensat- 
ing valve (21a) provided in association with a par- 
ticular one (20a) of said plurality of directional con- 
trol valves and a second pressure compensating 
valve (21 b) provided in association with the other 
directional control valve (20b) than said particular 



3. A hydraulic drive system according to Claim 1 or 2, 
further comprising: 

30 

a pilot hydraulic source (11); 
operating means (41) connected to said pilot 
hydraulic source via a pilot line (42a,42b), gen- 
erating the pilot control pressure based on a hy- 
35 draulic pressure of said pilot hydraulic source, 

and including pilot valves (41b,41c) for driving 
said other directional control valve (20b) than 
said particular one; 

a second lock switching valve (43; 43A; 143) 
40 disposed in said pilot line, having third and 

fourth shift positions (A,B; A' ,B '; A1,B1), and 
cutting off said pilot line when said second lock 
switching valve is shifted from the third position 
to the fourth position, said second lock switch- 
45 ing valve being operated by an operator; and 

interlock switching means (55,57) for shifting 
said first lock switching valve (50; 50A) from the 
first position to the second position in interlock 
with shifting of said second lock switching valve 
50 from the third position to the fourth position. 

4. A hydraulic drive system according to Claim 3, fur- 
ther comprising a second pressure receiving sec- 
tion (28b) provided at an end of said second pres- 

55 sure compensating valve (21b) on the side acting 
in the closing direction, and connected to the output 
side of said first lock switching valve (50,50A). 



40 
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5. A hydraulic drive system according to Claim 3, 
wherein said interlock switching means includes a 
third pressure receiving section (55) which is pro- 
vided at an end of said first lock switching valve (50; 
50A) on the side acting to shift said first lock switch- 
ing valve to the first position, and which is connect- 
ed to said pilot line (42b) on the output side of said 
second lock switching valve (43; 43A). 

6. A hydraulic drive system according to Claim 1 or 2, 
further comprising: 

a pilot hydraulic source (11); 
operating means (41) connected to said pilot 
hydraulic source via a pilot line (42a,42b), gen- 
erating the pilot control pressure based on a hy- 
draulic pressure of said pilot hydraulic source, 
and including pilot valves (41b,41c) for driving 
said other directional control valve (20b) than 
said particular one; 

a second lock switching valve (143) disposed 
in said pilot line and having third, fourth and fifth 
shift positions (A1,B1,B2), said second lock 
switching valve being operated by an operator; 
and 

a third pressure receiving section (55) provided 
in said first lock switching valve and shifting 
said first lock switching valve from the second 
position to the first position when the pressure 
of said pilot hydraulic source is introduced to 
said third pressure receiving section, 
said second lock switching valve connecting 
said pilot line to both said pilot valves and said 
third pressure receiving section when said sec- 
ond lock switching valve is in the third position, 
cutting off the connection between said pilot 
line and both said pilot valves and said third 
pressure receiving section when said second 
lock switching valve is in the fourth position, 
and cutting of the connection between said pilot 
line and said pilot valves and connecting said 
pilot line to said third pressure receiving section 
when said second lock switching valve is in the 
fifth position. 

7. A hydraulic drive system according to Claim 6, fur- 
ther comprising a second pressure receiving sec- 
tion (28b) provided at an end of said second pres- 
sure compensating valve (21 b) on the side acting 
in the closing direction , and connected to the output 
side of said first lock switching valve (50,50a). 

8. A hydraulic drive system according to Claim 1 or 2, 
further comprising: 

a pilot hydraulic source (11); 

operating means (41) connected to said pilot 

hydraulic source via a pilot line (42a, 42b), gen- 



erating the pilot control pressure based on a hy- 
draulic pressure of said pilot hydraulic source, 
and including pilot valves (41b,41c) for driving 
said other directional control valve (20b) than 
5 said particular one; 

a second lock switching valve (43; 43D) dis- 
posed in said pilot line, having third and fourth 
shift positions (A,B), and cutting off said pilot 
line when said second lock switching valve is 
10 shifted from the third position to the fourth po- 

sition, said second lock switching valve being 
operated by an operator; and 
lock operating means (43a, 1 1 0a; 1 50, 1 51 ,1 52) 
enabling said first lock valve to be shifted be- 
ts tween the first position and the second position 
when said second lock valve is in the fourth po- 
sition. 

9. A hydraulic drive system according to Claim 8, fur- 
20 ther comprising: 

a third lock switching valve (50) having sixth 
and seventh shift positions (C,D) and output- 
ting the pressure of said hydraulic supply 
25 source when said third lock switching valve is 

shifted from the sixth position to the seventh po- 
sition; 

interlock switching means (55,57) for shifting 
said third lock switching valve from the sixth po- 
30 sition to the seventh position in interlock with 

shifting of said second lock switching valve (43; 
43D) from the third position to the fourth posi- 
tion; and 

a second pressure receiving section (28) pro- 
35 vided at an end of said second pressure com- 

pensating valve (21b) on the side acting in the 
closing direction, and connected to the output 
side of said third lock switching valve. 

40 10. A hydraulic drive system according to Claim 8, 
wherein said first and second lock switching valves 
(110,43) are mechanically shifted valves directly 
shifted by control levers (110a,43a), and said lock 
operating means includes said control levers (1 1 0a, 

45 43a). 

11. A hydraulic drive system according to Claim 8, 
wherein said first and second lock switching valves 
(110D, 43D) are solenoid-shifted valves shifted by 
so electrical signals, and said lock operating means in- 
cludes a controller (152) for generating the electri- 
cal signals. 

55 
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